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Description 

Field of Invention 

5 This invention relates to human cytomegalovirus (HCMV), and is concerned with the production of glycoproteins 

of the virus, their vaccine potential, and the production of HCMV specific antibodies. 

Background to the Invention 

to HCMV is a human pathogen of considerable importance and there is a demand for an effective vaccine against 

it. Hitherto experimental vaccines have been based on attenuated, non-pathogenic forms of the virus, but these can 
have undesirable side effects. The invention provides an alternative approach to the production of a vaccine against 
HCMV, using recombinant DNA techniques. 

Like other herpes viruses HCMV specifies multiple glycoproteins (1,2), Characterisation of these have involved 

is studies of CMV-infected cells and purified virions using polyclonal sera and monoclonal antibodies (2-1 0). One glyco- 
protein has been partially purified and shown to elicit a neutralising response in guinea pigs. However, the total number 
of HCMV-specified glycoproteins remains uncertain and the vaccine potential of individual glycoproteins is unknown. 
Purification of individual glycoproteins from HCMV-infected cells is a daunting prospect because the virus grows slowly 
and fails to shut down host cell protein synthesis during infection. 

20 

Summary of the Invention 

The present invention is based on the identification and expression of HCMV DNA encoding two glycoproteins, 
referred to herein as gB and gH. The gB protein is encoded by DNA in the Hindlll F fragment of the HCMV genome 
2S lying between 1 378 and 4095 bases from the F/D boundary. The gH protein is encoded by DNA in the Hindlll L fragment 
lying between 228 and 2456 bases from the L/D boundary. 

According to one aspect of the present invention there is provided a process which comprises expressing from a 
recombinant DNA vector in a suitable host organism a polypeptide incorporating one or more antigenic determinants 
capable of raising HCMV-neutralising antibodies in humans, said determinant or determinants corresponding to a por- 
30 tion of the protein encoded by DNA in the Hindlll F fragment of the HCMV genome lying between 1 378 and 4095 bases 
from the F/D boundary and/or a portion of the protein encoded by DNA In the Hindlll L fragment of the HCMV genome 
lying between 228 and 2456 bases from the UD boundary. 

A second aspect of the present invention provides a recombinant virus vector containing DNA encoding such a 
polypeptide, said vector being capable of infecting a human subject and expressing the polypeptide In immunogenic 
35 form. 

A third aspect of the present invention in respect of gH provides a process which comprises synthesising such a 
polypeptide. 

A fourth aspect of the present invention in respect of gH provides a method of preparing HCMV monospecific 
antiserum comprising immunising a host animal with such polypeptide or with a recombinant virus vector as described 
40 above, and extracting from the host animal antiserum specific to said polypeptide. HCMV-specific monoclonal antibody 
may be prepared from cells from such immunised animals. 

A fifth aspect of the present invention in respect of gH provides a method of purifying HCMV-specific antibodies, 
which comprises contacting the antibodies with HCMV polypeptide hereof, and separating bound antibody from the 
polypeptide. 

45 A sixth aspect of the present invention in respect of gH provides a method of detecting HCMV-specific antibody 

in a clinical sample, which comprises contacting the sample with HCMV polypeptide hereof, and detecting antibody 
that binds to the polypeptide. 

A seventh aspect of the present invention in respect of gH provides a kit for carrying out such a detection method, 
the kit comprising said polypeptide in a form suitable for contacting with the dinical sample, and means for detecting 
so HCMV-specific antibody that binds to said polypeptide. 

By identifying surface glycoprotein(s) of HCMV that lead to an immune response and incorporating the correspond- 
ing sequence of genetic material in a mammalian vector, an immunologically active protein may be produced which 
can form the basis of vaccine against HCMV. 

For the recombinant virus vaccine the identified HCMV genome fragment may be isolated and introduced into a 
55 suitable mammalian virus vector by conventional genetic engineering techniques, and transfecting the plasmid into a 
mammalian host. 

Suitable vectors include mammalian cells and viruses such as poxviruses, with vaccinia virus being particularly 
preferred, and bovine papilloma virus. 
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Expression of the foreign DNA can be obtained by infecting cells or animals with recombinant virus vector. For 
example, a recombinant virus, e.g. vaccinia virus, may be used as a live vaccine. Further, cells infected with the re- 
combinant vector may be used to prepare the product of the foreign DNA for use as a vaccine. 

In one preferred technique, a glycoprote in-encoding fragment of the HCMV genome is introduced into plasmid 
s pGS62 and then transferred into vaccinia virus by transfecting the plasmid into mammalian cells infected with vaccinia 
virus. 

It will be apparent that the HCMV DNA may be modified in various ways without significantly at! ecting the functioning 
of the protein produced thereby. For example, a transmembrane form of protein may be converted to a secreted form 
by removing the DNA coding for the C-terminal containing the membrane anchor sequence. Such modifications are 
10 to be considered within the scope of the present invention. 

Brief Description of the Drawings 

Fig. 1 is a map of the HCMV genome strain AD169 in the prototype orientation showing deavage sites for the 
is restriction enzyme Hindlll, Illustrating the position and orientation of the genes encoding HCMV gB and HCMV gH. 

Fig. 2 is comparison of the predicted translation products of the HCMVgB gene identified in Fig. 1 (designated 
CMV) with those of glycoprotein B of herpes simplex virus type 1 (designated HSV) and a possible Epstein Barr virus 
glycoprotein (designated EBV). The potential glycosylation sites are underlined, and the hydrophobic putative signal 
and anchor regions are shown boxed. 
20 Fig. 3 is the DNA sequence of the Xmalll restriction enzyme fragment of the Hindlll Fragment of the HCMV genome, 

including the gene coding for HCMV gB, showing the deduced amino acid sequence of HCMV gB. For darity this is 
shown in the opposite orientation to which it occurs In the prototype orientation of the HCMV genome. 

Fig. 4 illustrates introduction of the sequence of Fig. 3 into plasmid pGS62 from which it can be transferred into 
vaccinia virus. Thick line indicates HCMV DNA ; and thin line indicates plasmid DNA. Open box indicates vaccinia DNA 
25 taken from the vaccinia Hindlll J fragment and including the TK gene coding sequences into which a vaccinia promoter 
P has been translocated. 

Fig. 5 shows the DNA sequence of the Smal-Hindlll L fragment spanning the coding sequence for HCMV gH. As 
with Fig. 3, this is shown in the opposite orientation to which it occurs in the prototype orientation of the HCMV genome. 
The deduced amino add sequence of HCMVgH is shown above the DNA sequence In the one letter amino acid code. 
30 The restriction enzyme recognition sequences for Smal (CCCGGG) and Hindlll (AAGCTT) used In the cloning are 
underlined, and the potential glycosylation sites are overlined. The Hindlll site delineates the boundary between the 
Hindlll fragments L and D in the genome. The hydrophobic putative signal and anchor regions are shown boxed. 

The invention will be further illustrated by the following Examples. 

35 Examples 

Identification of putative glycoprotein genes 

In order to look for possible glycoprotein genes within the HCMV genome individual cloned restriction fragments 
40 of the genome of HCMV strain AD169 were sequenced using the M13/dideoxy nucleotide chain termination method 
described in reference (11) using the strategy and methods described by Bankier and Barrell in reference (12). The 
resulting compiled sequences were then analysed for possible protein coding sequences and RNA polymerase II tran- 
scription signals. The predicted translation products of likely protein coding sequences were then examined for the 
presence of glycoprotein characteristics, namely an N-terminal hydrophobic signal peptide, a hydrophobic transmem- 
45 brane sequence close to the C-terminus, and potential N-glycosylation sites in the external domain. 

Using these criteria two putative glycoprotein genes were identified lying between bases 16255 and 18972 of the 
Hindlll F fragment and between bases 228 and 2456 of the Hindlll L fragment, respectively, of HCMV DNA. A Hindlll 
fragment map of the HCMV genome is shown in Fig. 1 . In Fig. 1 the vertical dashed line delineates the long and short 
unique regions of the viral DNA respectively. The capital letters refer to the fragments produced by Hindlll deavage - 
so see reference (13). The positions and orientation of the glycoprotein genes B and H are shown in the Hindlll restriction 
fragments F and L, respectively. The coding region of the glycoprotein B lies between bases 1 378 and 4095 from the 
Hindlll F/D boundary on the complementary strand of the DNA sequence ; while that of the glycoprotein H lies between 
bases 228 and 2456 from the Hindlll UO boundary on the complementary strand of the DNA sequence. 

55 The HCMV glycoprotein B 

The primary translation product of the glycoprotein B gene in the indicated open reading frame is a 906 amino 
acid polypeptide containing 16 potential N-linked glycosylation sites. There is a hydrophobic sequence close to the N- 
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terminus which may function as a signal sequence, and stretches of hydrophobic amino acids at its C4erminus which 
may function as anchor sequences. The predicted translation product of this gene was compared with glycoprotein 
genes of other human herpesviruses. The search revealed homology with glycoprotein B (gB) of herpes simplex virus 
(HSV) and Epstein Barr virus (EBV) (reference 14); Varicella zoster (VZV) also possesses a glycoprotein gene with 

s homology. For this reason the protein encoded by this reading frame is subsequently referred to as HCMV gB. 

A comparison of the predicted translation product HCMV gB with those of HSVI and EBV is shown in Fig. 2. The 
predicted HCMV glycoprotein sequence is aligned with those found in EBV and HSVI. The sequences are displayed 
in the one letter amino acid code and have been aligned and padded with dashes to produce as far as possible an 
optimum alignment of homologous amino acids. In regions where there is little homology, e.g. at the ends, the alignment 

to is arbitrary. Regions of hydrophobic amino acids at the N-terminus and near the C-terminus which are characteristic 
of glycoproteins are boxed and potential N-linked glycosylation sequences (N*T or N*S, where * is any amino acid) 
are underlined. 

Fig. 2 shows good alignment of the gB proteins of HSV-1 , EBV and HCMV and demonstrates that the proteins are 
homologous along a large proportion of their length with the N-and C-termini showing least conservation. It can be 

is seen that at 121 positions there is an identically matched amino acid in all three proteins. Taken as a proportion of 
EBV gB this means that over 1 4% of the protein is perfectly conserved. Furthermore, all 1 0 cysteine residues present 
between the putative signal and anchor sequences are perfectly aligned, suggesting that the extracellular portion of 
the proteins may possess a similar overall structure. The extent of the homology between the three viral proteins 
provides convincing evidence that the putative HCMV glycopratein is that of glycoprotein B. Further evidence of its 

20 glycoprotein character is provided by its characteristic hydrophobic regions and potential N-glycosylation sites which 
are shown in Fig. 2. 

To investigate the nature of the HCMV gB and to raise antisera against this protein the gene was excised from the 
Hindlll F fragment of the HCMV genome and expressed In recombinant vaccinia virus. This vector system is suitable 
forthe expression of eulcaryotic virus glycoprotein genes because the proteins are correctly processed and inserted 
25 into the infected cell membrane. In addition, the infectious recombinant virus may be used to raise monospecific antisera 
against the foreign protein in vaccinated animals. 

The coding sequence shown in Fig. 3 was introduced into vaccinia virus as described below. The sequences shown 
in Figs 2 and 3 are displayed in the commonly used form 5" to 3' in the coding sense sequences. This is in the opposite 
orientation to the prototype orientation of the HCMV genome shown In Fig. 1 . The amino acid sequence of the HCMV 
30 gB is shown above the DNA sequence using the one letter amino acid code. 

Construction of recombinant vaccinia virus expressing HCMV gB 

1. Strategy 

35 

Expression of foreign genes in vaccinia virus Is dependent upon the use of vaccinia promoters (for review see 
reference 1 5). This is due to the unique nature of vaccinia promoters and the presence of the vaccinia RNA polymerase 
which does not recognise promoters that are transcribed by RNA polymerase 11. Several plasmids that are designed 
to facilitate expression of foreign genes in vaccinia virus have been constructed (see references 1 6 to 1 8). They contain 

40 a vaccinia promoter and downstream restriction endonuclease sites translocated within the body of the thymidine 
kinase (TK) gene. A foreign protein coding sequence may then be positioned downstream of the vaccinia promoter 
and Inserted into the vaccinia genome by homologous recombination in vivo (see reference 17). Authentic foreign 
proteins are made provided that the junction between vaccinia promoter and foreign protein coding sequences is en- 
gineered to use the translation initiation codon of the foreign gene. 

45 Inspection of the nucleotide sequence of the HCMV gB gene and adjacent DNA showed the presence of restriction 

endonuclease Xmalll sites 148 nucleotides upstream and 251 nucleotides downstream of the gB coding sequences. 
Additionally, there were no potential translation initiation codons between the upstream Xmalll site and the ATG codon 
initiating the gB open reading frame. The strategy was, therefore, to excise the gB gene from the HCMV Hindlll F 
fragment as a 3. 1 kb fragment and done this fragment into the Smal site of plasmid insertion vector pGS62 (a derivative 

so of pGS20- see reference 1 7 - in which an EcoRl site upstream of the vaccinia promoter has been deleted). In this way 
the gB gene would be under control of a vaccinia promoter that is expressed throughout the vaccinia virus replicative 
cycle. Direct isolation of the desired fragment was difficult due to the large size of the HCMV Hindlll F fragment and 
presence of other Xmalll sites. 

55 2. Experimental 

Considering the matter in more detail, the coding sequence of Fig. 3 was introduced into vaccinia virus by the 
following series of manipulations which are illustrated in Fig. 4. 
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a) The Hindill F fragment cloned into a truncated pAT153 (see reference 19) was digested with BamHI and after 
separation of the products by electrophoresis the 8.5 kb fragment was isolated and self ligated to generate plasmid 
pSB1 (also known pSCB1). pSB1 contains a 5 kb Hindlll/BamHI fragment of the HCMV Hindill F doned into the 
3.5 kb Hindlll/BamHI fragment of pAT153. 

5 b) pSB1 was digested with BamHI and Hindill and the 5.0 kb HCMV fragment was Isolated and digested with 

Xmalll. The resulting 3.1 kb Xmalll fragment was isolated, the 5'overhangs repaired with E. coli DNA polymerase 
I Klenow fragment, and the repaired fragment ligated Into the Smal site of plasmid pGS62. pGS62 contains the 
vaccinia virus thymidine kinase (TK) gene interrupted by a vaccinia promoter element Insertion of a foreign gene 
at the Smal site results in a plasmid in which the foreign HCMVgB gene is under the control of the vaccinia promoter 

io (?) and is flanked by thymidine kinase coding sequences. 

The orientation of the gB gene within the resultant plasmid pSB2 was determined using a unique EcoRl site present 
911 nucleotides from the 3'Xmalll site as a convenient marker. 

Recombinant plasmids were Identified by Increase In size, and the orientation of the 3.1 kb Insert was determined 
is by EcoRl digestion. A plasmid containing the Xmalll fragment in the correct orientation with respect to the vaccinia 
promoter was identified and designated pSB2 (also known as pSCB2). 

CV-1 cells were infected with vaccinia virus and transfected with pSB2 using the methods described in reference 
17. The recombinant virus was TK- due to the insertional inactivation of the vaccinia TK gene and this phenotype 
provided a spans for easy isolation. TK- viruses were selected from the resulting progeny by plating on 143-TK- cells 
20 in the presence of 5 -bromodeoxy uridine, and such virus clones were screened for the presence of HCMV specific DNA 
inserts by hybridisation with pSB1 . After virus growth and purification the genome of the recombinant virus was analysed 
by restriction endonuclease digestion and Southern blotting. The results confirmed that the HCMV gB gene had been 
Inserted into the vaccinia TK gene within the Hindill J fragment and showed that no other genomic rearrangements 
had occurred. The recombinant virus was termed HCMV gB-VAC. 

25 

Expression of HCMV gB by recombinant vaccinia virus 

To test for expression of HCMV gB, polyvalent rabbit serum raised against purified HCMV .was used to 
immunoprecipitate ^S-labetted polypeptides from cells infected with HCMV gB-VAC or WT vaccinia. 

30 CV-1 cells were infected at 30 plaque forming units (pfu)/cell with either WT vaccinia or recombinant HCMV gB- 

VAC. 3 hours post-infection the cells were washed in methionine-free medium and then Incubated in methionine-free 
medium for 30 mins. The cells were labelled with 100 u,Cl/ml of 35 Smethionine in medium containing 10 jiM unlabelled 
methionine. After washing in PBS, the cells were lysed in RlPA buffer (0.05 M Tris HCI pH 7.2, 0.15 M NaCI, 1% sodium 
deoxycholate, 0.1 % SDS, 1 % Triton x-1 00, 5 u.g/ml DNase, 2 mM PMSF) for 1 0 mins, on ice. The lysate was centrif uged 

35 at 31,000 rpm (Beckman SW50.1 rotor) for 60 mins at 4°C and aliquots of the resultant supernatant Incubated (20 
mins, room temperature) with either non-immune rabbit serum or serum from a rabbit hyperimmunised with HCMV. 
Immune complexes were precipitated with protein A sepharose (2 hrs room temperature), eiuted, boiled and electro- 
phoresed on 10% polyacrylamide gels. The gel was fixed in methanol/acetic acid and impregnated with fluorographic 
enhancer (Amplify, Amersham) and autoradiograph prepared. Protein molecular weight markers were from HSV-1 

40 infected cells, immunoprecipitated with monoclonal antibodies against the major capsid antigen (1 57 kD), glycoprotein 
B(128 kD) and VP 16 (66 kD). 

Using immune serum a polypeptide of approximately 145 kD was Immunoprecipitated from cells infected with 
HCMV gB-VAC but not WT vaccinia infected cells. Other polypeptides were nonspecifically precipitated as shown by 
their reactivity, with preimmune rabbit sera. 

45 Murine monoclonal antibodies raised against HCMV and shown to have neutralising activity in vitro were next 

tested for their ability to recognise the HCMV gB product in HCMV gB-VAC infected cells. Plaques formed by HCMV 
gB-VAC on CV-1 cell monolayers were fixed with methanol and then Incubated with monoclonal antibody and subse- 
quently with either 125 l -labelled Staphylococcus protein A (Amersham) or peroxidase-conjugated rabbit anti-mouse 
immunoglobulin (Dako). The virus plaques containing antigen recognised by the monoclonal antibody were visualised 

50 as black dots on autoradiographs In the case of protein-A binding antibodies or as "red plaques' following addition of 
H 2 0 2 and amino-ethyl carbazole to monolayers reacted with peroxidase-conjugated antiglobulin. Often monoclonal 
antibodies tested four were shown to recognise plaques formed by HCMV gB-VAC but not WT vaccinia. It was note- 
worthy that all the plaques formed by the HCMV gB-VAC bound the monodonal antibody indicating the virus was a 
pure stock not contaminated with WT vaccinia. Similar conclusions were reached from plaquing with virus on TK- 143 

55 cells in the presence and absence of bromodeoxy uridine, and by the analyses of genomic DNA by Southern blotting. 

Cell lysates from WT vaccinia, recombinant HCMV gB-VAC or uninfected CV-1 cells were prepared and immuno- 
precipitated with monoclonal antibodies 37, 39 or 59 as described above. 

Three monoclonal antibodies that were able to bind Protein A also immunoprecipitated 35 S-methionine-Iabelled 
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infected cell extracts. Consistent with the immuno-staining data, the monodonal antibodies 37 and 39 immunoprecip- 
itated proteins from cells infected with HCMV gB-VAC but not WT vaccinia or uninfected cells. Monoclonal antibody 
59 did not recognise HCMV gB although this antibody could neutralise HCMV infectivity. The target protein of this 
antibody is unknown. In addition to the 1 45 kD protein a smaller protein of approximately 55 kD was also detected with 

5 both monoclonal antibodies. This suggests that the epitope(s) recognised by both monoclonal antibodies are present 
on both the 55 kD and 1 45 kD proteins, or that these proteins are physically associated and consequently coprecipitate. 

To make a direct comparison of the gB synthesised In HCMV-infected cells with gB from HCMV gB-VAC infected 
cells, MRC-5 cells were Infected at 5 pfu/cell with HCMV strain AD189 or mock-infected. Cells were labelled with 35 S- 
methionine (28 u.Cl/ml) from 72-98 hrs post-infection and lysates prepared and immunoprecipitated with either mono- 

10 clonal antibody 39 or 47 as described above. CV-1 cells infected with WT vaccinia, recombinant gB-VAC or uninfected 
were radiolabelied, lysed and Immunoprecipitated with manoclonal antibody 39 as described above. 

The 145 kD species synthesised in both systems clearly comigrated and the mature 55 kD species did also, al- 
though nonspecific precipitation of a similar sized vaccinia band made this less clear. In addition to these two species, 
an additional 68 kD band was also visible In HCMV infected cell lysates. This is thought to be unrelated to gB since 

is another monoclonal antibody (47) that did not bind protein A brought down this band nonspecifically. Its size suggested 
it may be the abundant 66 kD HCMV matrix protein. 

Human Immune serum recognises HCMV gB 

20 To investigate whether antibodies directed against HCMV gB are produced during a primary HCMV infection in 

man, sera taken from a cardiac transplant patient before and after primary HCMV infection were tested for the ability 
to recognise HCMV gB synthesised by recombinant vaccinia virus. 

CV-1 cells, infected with either H3-VAC or HCMV gB-VAC were labelled with M-methionine cell lysates prepared 
as described above. Lysates were then treated sequentially with either rabbit pre-immune followed by rabbit anti-HCMV, 

25 or human sera taken before HCMV infection followed by sera after HCMV infection, immune complexes were precip- 
itated with protein A sepharose and separated on polyacryiamide gels as described above. 

Rabbit serum raised against HCMV was used as a positive control. Since it was likely that the human sera also 
contained antibodies to vaccinia virus, owing to previous smallpox vaccination, the immune precipitations were carried 
out sequentially using sera taken before and then after HCMV infection on the same cell lysate. These data show that 

30 145 kD polypeptide was immunoprocipitated from gB-VAC- infected cell lysates by human sera taken after but not 
before HCMV infection. The 145 kD protein was also precipitated by the rabbit anti-HCMV sera. As a further control 
the same human sera were tested for ability to recognise the influenza virus haemagglutinin (HA) from influenza virus 
A/NT/60/68 expressed by another recombinant vaccinia virus H3-VAC. The Influenza HA was immunoprecipitated by 
human sera taken before HCMV infection and to a lesser extent sera taken after HCMV infection. These data demon- 

35 strate that the cardiac transplant patient had experienced a previous influenza A virus infection of the H3 subtype. 
Moreover, the precipitation of influenza HA by sera taken prior to HCMV infection, while HCMV gB was only precipitated 
by sera taken after HCMV infection, confirm the specificity of the precipitation of the HCMV protein. It is also significant 
that the development of antibodies against HCMV occurred despite immunosuppression during cardiac transplantation 
to prevent tissue rejection. The human immune serum was also able to neutralise HCMV infectivity in vitro . Several 

40 other sera taken from cardiac transplant patients who experienced HCMV infections during immunosuppression also 
yielded similar precipitation of HCMV gB. 

HCMV qB is expressed on the infected cell surface 

45 To examine whether the HCMV gB synthesised in cells infected with recombinant vaccinia virus is transported to 

the cell surface immunofluorescence studies were performed. 

CV-1 cells were grown on glass coverslips and infected with either WT vaccinia virus or HCMV-gB-VAC at 1 0 pf u/ 
cell. 48 hrs post-infection cells were fixed with an isotonic solution of 2% paraformaldehyde. Following incubation in 
PBS containing 4% bovine serum albumin (BSA) monolayers were reacted with 1/400 dilution of monodonal antibody 

50 37 antibody containing ascitic fluid overnight at 4°C. After extensive washing bound antibody was detected with fluo- 
rescein conjugated rabbit anti-mouse immunoglobulin (Dako) diluted 1/20 In PBS containing 4% BSA and 2% normal 
rabbit serum. Fluorescence was observed with u.v. Illumination at x400. 

The HCMV gB-VAC infected cells showed positive surface fluorescence while WT infected cells showed only 
background reactivity. The pattern of staining on the Infected cell membrane was unusual showing granular appear- 

55 ance, suggesting clustering or aggregation of HCMV gB in the cell membrane. 
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Vaccination of rabbits with HCMV qB-VAC 



To determine if anti-serum raised against HCMV gB expressed by recombinant vaccinia virus could neutralise 
HCMV infectivity, two rabbits were vaccinated with the live recombinant virus, as indicated in Table 1 . 

TABLE 1. 



w 



is 



20 



2S 



30 



35 



40 



45 



SO 



Neutralisation of HCMV by rabbit sera 


Day post vaccination 


HCMV plaque reduction (%) 


Rabbit 1 


Rabbit 2 i 




1/10 


1/50 


1/10 


1/50 


0 


0 


0 


0 


0 


46 


54 


30 


40 


16 


59 


69 


60 


57 


76 


76 


70 


61 I 


48 


30 


116 


67 


68 


55 


25 


151 


97 


87 


77 


77 



The two rabbits were vaccinated intradermal^ with 10 s pfu of purified infectious HCMV gB-VAC into one site on 
each flank. On day 46 both animals were revacdnated with the same dose of live recombinant virus. A third rabbit 
received a TK- recombinant vaccinia virus expressing the influenza virus nucleoprotein gene and was also revaccinat- 
ed. Serum samples obtained from rabbits on the days indicated In Table 1 were tested for their ability to neutralise 
HCMV infectivity in vitro . Serum samples were Incubated at 56°C for 30 mins to inactivate complement and then one 
volume of serum dilution (1 : 1 0 or 1 : 50) was mixed with an equal volume of HCMV strain AD1 69 (750 pfu) and incubated 
at 37°C for 30 mins. Fresh rabbit serum was added to a final concentration of 5% as a source of complement and the 
mixture incubated for a further 30 mins at 30°C before the residual virus was assayed on MRC-5 cells. Plaques were 
counted 10 days later and the results in Table 1 are expressed as a percentage reduction in plaque numbers. Serum 
from both rabbits 1 and 2 contained antibodies that neutralised HCMV infectivity In the presence of exogenous com- 
plement. A third rabbit inoculated with a different TK- recombinant vaccinia virus did not possess such antibodies. 

The two animals vaccinated with HCMV gB-VAC thus developed antibodies that neutralised HCMV in vitro while 
the third rabbit that was immunised with another TK-recombinant vaccinia virus expressing the influenza virus nucle- 
oprotein did not. The neutralisation of HCMV infectivity by these rabbit sera was dependent upon complement since 
heat Inactivated sera failed to reduce HCMV plaque numbers without addition of exogenous complement. Additional 
experiments examining the level of antibodies before and before secondary vaccination indicated that both animals 
had increased antibody litres following revaccination. Rabbit 1 maintained its antibody level up to day 116 and at this 
time reduced HCMV plague formation by 70% at a 1 : 50 dilution. The level of antibodies In rabbit 2 decreased with 
time, but still reduced HCMV plaque formation by 24% at a 1 : 50 dilution on days 116. 

Conclusions 

The putative coding sequence codes for an authentic HCMV protein that has been expressed in vaccinia. The 
protein expressed In vaccinia is electrophoretically identical to a protein seen in HCMV infected cells. The protein has 
the following properties. It is a target for neutralising antibody (because it is recognised by a neutralising antibody). It 
is present on the surface of cells infected with HCMV gB-VAC, and it is present in the HCMV particle. 

The primary product has an apparent molecular weight of 145,000 and is processed to a product of molecular 
weight 55,000. It is able to induce production of antibodies that neutralise HCMV infectivity when delivered to the rabbit 
immune system via expression In recombinant virus infected cells. 

Although the above example used HCMV strain AD169, it will be appreciated that other strains are functionally 
equivalent and could also be used. 
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The HCMV glycoprotein H 

A comparison of the deduced amino acid sequence of this gene as shown in Fig. 5 with that of EBV and HSV-1 
genes showed homology with glycoprotein H of these viruses. Consequently this HCMV gene is subsequently referred 
to as HCMV gH. 
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Construction of recombinant vaccinia virus expressing HCMV gH 



The HCMV gH gene was doned into plasmid vectors pGS62 as follows. The 11400 base pair Hindlll L fragment 
was excised from plasmid pAT153/Hindlll L by digestion with Hindlll and the termini made blunt-ended by treatment 

s with E. coli DNA polymerase Klenow fragment. The DNA was then digested with Smal which cuts 96 nucleotides 
upstream of the translational initiation site of the CMV gH gene, as shown in Fig. 5. A 2.5 kb DNA fragment containing 
the HCMV gH coding sequence was isolated and ligated into plasmid pGS62 at the unique Smal site. A resultant 
plasmid pSB3 was shown to contain the HCMV gH gene correctly positioned downstream of a vaccinia promoter. The 
foregoing procedure was essentially similar to that used for the HCMV gB gene. 

10 The HCMV gH gene was also inserted into plasmid pSC11 (reference 16) at the unique Smal site downstream of 

the same vaccinia promoter. This plasmid was called pSB4. Plasmid SC11 contains a second vaccinia promoter driving 
expression of p-galactosidase gene. Consequently, recombinant viruses which pickup the HCMV gH gene simultane- 
ously also acquire the p-galactosidase gene. This permits rapid identification of plaques formed by these recombinant 
viruses by virtue of their blue colour in the presence of X-gal. 

75 Plasmid pSB3 and pSB4 were used to construct TK- recombinant vaccinia viruses containing the HCMV gH gene. 

The viruses were called HCMV gH-VAC (GS62) and HCMV gH-VAC (SC11), respectively. These viruses were plaque 
purified and then larger stocks grown and purified using established methods (reference 17). Analyses of the genomic 
DNA of viruses showed that as predicted the HCMV gH gene was inserted into the TK gene with the vaccinia Hindlll 
J fragment. 

20 

Expression of the HCMV gH gene 

The product of the HCMV gH gene was identified by HCMV gH-VAC infected cells as follows : 

2S (1) Monolayers of CV-1 cells were infected with either WT vaccinia (WT) or recombinant vaccinia viruses CMV 

gH-VAC (GS62) or CMV gH-VAC (SC11). Infected cells were radio-labelled with 35 S-methionine from 3 to 6 hours 
post infection and lysates prepared from the infected cells 6 hours post infection. These lysates were immunopre- 
cipitated with either a nonspecific rabbit sera, rabbit sera raised against purified HCMV virions or anti-HCMV mon- 
oclonal antibody 16 (HCMV 16). A polypeptide of approximately 88 kD was immunoprecipitated from gH-VAC 

30 (SC11) and gH-VAC (GS62) infected cells using rabbit anti-HCMV serum. This polypeptide was not precipitated 

from WT vaccinia infected cells. A rabbit serum raised against a synthetic peptide from HSV glycoprotein D failed 
to precipitate this band. However, a polypeptide of similar size was precipitated from HCMV Infected MRC-5 cells 
using the rabbit anti-HCMV serum. 

(2) Anti-HCMV monoclonal 16 also immunoprecipitated a band of 86 kD from gH-VAC but not WT infected cells. 
35 As a control, monoclonal HCMV 37 which recognises HCMV gB did not precipitate the 88 kD protein. 

(3) The cellular location of HCMV gH synthesised in HCMV gH-VAC infected cells was investigated by immunoflu- 
orescence. This showed that the gH polypeptide was transported to the nuclear membrane, and was also detect- 
able In the cytoplasm diffusely. There was no fluorescence on HCMV gH-VAC infected cells unless the cells were 
first permeabilised. 

40 

Monoclonal HCMV 16 neutralises HCMV Infectivity 

To investigate if HCMV gH is a target for antibody mediated neutralisation of virus infectivity, HCMV was incubated 
with monoclonal HCMV 16 and residual infectivity assayed on MRC-5 cells. Even at a dilution of 1: 4000 monodonal 
46 HCMV 16 reduced HCMV infectivity in vitro by greater than 50%. This neutralisation was not dependent upon exoge- 
nous complement. Clearly the product of the HCMV gH gene is a target for virus neutralisation and hence has potential 
in future HCMV vaccines. 

Conclusions 

so 

The DNA sequence of a HCMV glycoprotein gene that maps within the Hindlll L fragment of HCMV was determined 
and expressed in recombinant vaccinia virus. The gene product was identified as an 86 kD polypeptide that is trans- 
ported to the nudear membrane in recombinant vaccinia infected cells. In HCMV infected cells it is also in the cell 
surface membrane. A monodonal antibody which recognises this protein efficiently neutralises the Infectivity of HCMV 
55 in vitro. This demonstrates the potential role of this 88 kD glycoprotein in HCMV vaccines. 

While the foregoing description has concentrated, by way of example, on the production of the HCMV proteins in 
cells infected with recombinant vaccinia virus, and the potential of said virus to act as a vaccine in causing the host to 
raise protective antibodies ; it will be apparent that the present inventbn is exploitable in a variety of different ways 
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using technology readily within the capability of those of ordinary skill in the art These are exemplified as follows. 

(i) On the basis of the DNA and amino add sequences given in Figs. 3 and 6, DNA encoding HCMV gB and gH 
proteins can be obtained by methods well known to those skilled in the art. For example, DNA encoding the desired 

5 amino acid sequence can be synthesised. Alternatively, the DNA can be obtained from the viral genome by re- 

striction followed by hybridisation with labelled oligonucleotide probes to identify the sequence of interest Also, 
cDNA could be obtained by reverse transcription from viral mRNA, followed by screening with oligonucleotide 
hybridisation probes. 

(ii) The HCMV proteins can be expressed in microorganisms or cell cultures transformed with recombinant DNA 
10 vectors. Suitable vectors and expression systems are widely known and used for expressing protein in for example 

bacteria such as Escherichia coll, yeasts such as Saccharomyces cerevisiae, and mammalian cell cultures such 
as COS or CHO cells. In the case of microbial expression (e.g. bacteria and yeasts), the HCMV protein DNA will 
normally be manipulated so as to delete the 5' flanking region before insertion into the expression vector, the coding 
region being translated from a start codon which is either the ATG of HCMV protein gene or one which is artificially 

15 introduced in reading frame with the coding sequence. The latter possibility will be used particularly if it is desired 

to delete a 5' region of the coding sequence, such as the hydrophobic signal region. The hydrophobic 3' anchor 
region may also be omitted, if desired, since it is unlikely that it contains a critical antigenic determinant The re- 
combinant vector may contain more than one HCMV protein coding sequence, e.g. tandem repeats of a coding 
sequence of gB or gH, or coding sequences of both gB and gH In tandem. In order to reduce the size of the 

20 expression vector, a part only of each glycoprotein coding sequence may be incorporated, so long as it correctly 

encodes the desired antigenic determinant 

(iii) The HCMV proteins, or portions thereof containing the desired antigenic determinant, can also be synthesised 
by chemical means, using known methods of protein synthesis. 

(iv) The HCMV protein, however produced, can be used to produce HCMV-specific antibody, for example as a 
25 monospecific serum by immunising a suitable animal with the HCMV protein, allowing the animal to raise antibodies 

to the protein, and then extracting the antiserum from the animal. 

(v) The HCMV protein can be used In particular to produce HCMV-specific monoclonal antibodies, by the standard 
technique of immunisation of an animal, usually a mouse, with the protein, followed by fusion of spleen cells from 
the animal with tumour cells to form antibody-producing hybridomas which can be separated and doned. From 

30 these clones can be harvested the monoclonal antibodies. Normally a panel of antibodies will be produced, since 

each HCMV protein will be expected to raise more than one antibody. 

(vi) The HCMV protein can also be used to purify HCMV-specific antibodies, e.g. by contacting the antibodies with 
the protein immobilised on a suitable support, such as an affinity column ; and then separating the bound antibodies 
from the protein such as by elution. 

35 (vii) The HCMV protein can also be used in assays for HCMV antibody. A variety of conventional assay procedures 

can be used, based for example on ELISA, RIA or immunofluorescence. Typically, the HCMV protein could be 
immobilised on a support, then contacted with the dinical sample from a human subject. After washing, the support 
is contacted with labelled antihuman IgG which binds to any HCMV antibody which has been found by the immo- 
bilised HCMV protein. 

40 (viii) The HCMV protein can also be used as a vaccine, by compounding it with a suitable adjuvant or excipient of 

the kind conventionally employed in vaccine formulations. This form of vaccine might be more appropriate than 
the recombinant vaccine for example in immunosuppressed individuals. 
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Claims 



is Claims for the following Contracting States : BE, CH, DE, ES, FR, GR, IT, LI, LU, NL, SE 

1. A process which comprises expressing from a recombinant DNA vector in a suitable host organism a polypeptide 
capable of raising HCMV-neutralising antibodies in humans and which incorporates one or more antigenic deter- 
minants from the HCMV glycoprotein gB, as represented in Figure 3 hereof for the HCMV strain AD169. 

20 

2. A process according to claim 1 in which said polypeptide is incorporated into a vaccine against HCMV in humans. 

3. A recombinant virus vector containing DNA encoding a polypeptide capable of raising HCMV-neutralising antibod- 
ies in humans and which incorporates one or more antigenic determinants from the HCMV glycoprotein gB, as 

25 represented in Figure 3 hereof for the HCMV strain AD1 69, said vector being capable of infecting a human subject 

and expressing said polypeptide in immunogenic form. 

4. A vaccine against HCMV, incorporating a recombinant virus vector of claim 3. 

30 5. An expression vector containing DNA which encodes a polypeptide capable of raising HCMV-neutralising antibod- 
ies in humans and which incorporates one or more antigenic determinants from the HCMV glycoprotein gB, as 
represented in Figure 3 hereof for the HCMV strain AD169. . 

6. A process which comprises expressing from a recombinant DNA vector in a suitable host organism a polypeptide 
35 capable of raising HCMV-neutralising antibodies in humans and which incorporates one or more antigenic deter- 
minants from the HCMV glycoprotein gH, as represented in Figure 5 hereof for the HCMV strain AD1 69. 

7. A process according to claim 6 in which said polypeptide is incorporated into a vaccine against HCMV in humans. 

40 8. A recombinant virus vector containing DNA encoding a polypeptide capable of raising HCMV-neutralising antibod- 
ies in humans and which incorporates one or more antigenic determinants from the HCMV glycoprotein gH, as 
represented in Figure 5 hereof for the HCMV strain AD169, said vector being capable of infecting a human subject 
and expressing said polypeptide in immunogenic form. 

45 9. A vaccine against HCMV, incorporating a recombinant virus vector of claim 8. 

10. An expression vector containing DNA which encodes a polypeptide capable of raising HCMV-neutralising antibod- 
ies in humans and which incorporates one or more antigenic determinants from the HCMV glycoprotein gH, as 
represented in Figure 5 hereof for the HCMV strain AD169. 

so 

11. A process which comprises synthesising a polypeptide capable of raising HCMV-neutralising antibodies in humans 
and which incorporates one or more antigenic determinants from the HCMV glycoprotein gH, as represented in 
Figure 5 hereof for the HCMV strain AD169. 

ss 12. A method of preparing HCMV monospecific antiserum, which comprises immunising a host animal with a polypep- 
tide prepared by a process of claim 6 or claim 11 or with a recombinant virus vector of claim 8, and extracting from 
the host animal antiserum specific to said polypeptide. 
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13. A method which comprises immunising a host animal with a polypeptide prepared by a process of claim 6 or claim 
11 or with a recombinant virus vector of claim 8, and preparing HCMV-specific monoclonal antibody from cells of 
the animal thus immunised. 

5 14. A method of purifying HCMV-specific antibodies, which comprises .contacting the antibodies with a synthetic 
polypeptide capable of raising HCMV-neutralising antibodies in humans and which incorporates one or more an- 
tigenic determinants from the HCMV glycoprotein gH, as represented in Figure 5 hereof for the HCMV strain AD169, 
and separating bound antibody from said polypeptide. 

10 15. A method of detecting HCMV-specific antibody in a clinical sample, which comprises contacting the sample with 
a synthetic polypeptide capable of raising HCMV-neutralising antibodies in humans and which incorporates one 
or more antigenic determinants from the HCMV glycoprotein gH, as represented in Figure 5 hereof, for HCMV 
strain AD169 and detecting antibody that binds to said polypeptide. 

is 16. A kit for carrying out the method of claim 15, said kit comprising the synthetic polypeptide in a form suitable for 
contacting with the clinical sample, and means for detecting HCMV-specific antibody that binds to said polypeptide. 



Claims for the following Contracting State : AT 

20 

1. A process which comprises expressing from a recombinant DNA vector in a suitable host organism a polypeptide 
capable of raising HCMV-neutralising antibodies in humans and which incorporates one or more antigenic deter- 
minants from the HCMV glycoprotein gB, as represented in Figure 3 hereof for the HCMV strain AD169. 

25 2. A process according to claim 1 in which said polypeptide is incorporated into a vaccine against HCMV in humans. 

3. A process which comprises constructing a recombinant virus vector containing DNA encoding a polypeptide ca- 
pable of raising HCMV-neutralising antibodies in humans and which incorporates one or more antigenic determi- 
nants from the HCMV glycoprotein gB, as represented in Figure 3 hereof for the HCMV strain AD169, said vector 

30 being capable of infecting a human subject and expressing said polypeptide in immunogenic form. 

4. A process which comprises producing a vaccine against HCMV, incorporating a recombinant virus vector containing 
DNA encoding a polypeptide capable of raising HCMV-neutralising antibodies in humans, and incorporating one 
or more antigenic determinants from the HCMV glycoprotein gB represented in Figure 3 hereof, said vector being 

35 capable of infecting a human subject and expressing said polypeptide in immunogenic form. 

5. An expression vector containing DNA which encodes a polypeptide capable of raising HCMV-neutralising antibod- 
ies in humans and which incorporates one or more antigenic determinants from the HCMV glycoprotein gB, as 
represented in Figure 3 hereof for the HCMV strain AD169. 

40 

6. A process which comprises expressing from a recombinant DNA vector in a suitable host organism a polypeptide 
capable of raising HCMV-neutralising antibodies in humans and which incorporates one or more antigenic deter- 
minants from the HCMV glycoprotein gH, as represented in Figure 5 hereof for the HCMV strain AD169. 

45 7. A process according to claim 6 in which said polypeptide is incorporated into a vaccine against HCMV in humans. 

8. A process which comprises constructing a recombinant virus vector containing DNA encoding a polypeptide ca- 
pable of raising HCMV-neutralising antibodies in humans and which incorporates one or more antigenic determi- 
nants from the HCMV glycoprotein gH, as represented in Figure 5 hereof for the HCMV strain AD169, said vector 

so being capable of infecting a human subject and expressing said polypeptide in immunogenic form. 

9. A process which comprises producing a vaccine against HCMV, incorporating a recombinant virus vector containing 
DNA encoding a polypeptide capable of raising HCMV-neutralising antibodies in humans, and incorporating one 
or more antigenic determinants from the HCMV glycoprotein gH represented.in Figure 5 hereof, said vector being 

55 capable of infecting a human subject and expressing said polypeptide in immunogenic form. 

1 0. An expression vector containing DNA which encodes a polypeptide capable of raising HCMV-neutralising antibod- 
ies in humans and which incorporates one or more antigenic determinants from the HCMV glycoprotein gH, as 
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represented in Figures 5 hereof for the HCMV strain AD169. 

11. A process which comprises synthesising a polypeptide capable of raising HCMV-neutralising antibodies in humans 
and which incorporates one or more antigenic determinants from the HCMV glycoprotein gH, as represented in 

5 Figure 5 hereof for the HCMV strain AD1 69. 

12. A method of preparing HCMV monospecific antiserum, which comprises immunising a host animal with a polypep- 
tide prepared by a process of claim 6 or claim 11 or with a recombinant virus vector of claim 8, and extracting from 
the host animal antiserum specific to said polypeptide. 

10 

13. A method which comprises immunising a host animal with a polypeptide prepared by a process of claim 6 or claim 
11 or with a recombinant virus vector of claim 8, and preparing HCMV-specific monoclonal antibody from cells of 
the animal thus immunised. 

is 14. A method of purifying HCMV-specific antibodies, which comprises contacting the antibodies with a synthetic 
polypeptide capable of raising HCMV-neutralising antibodies in humans and which incorporates one or more an- 
tigenic determinants from the HCMV glycoprotein gH, as represented in Figures 5 hereof for the HCMV strain 
AD 169, and separating bcund antibody from said polypeptide. 

20 15. A method of detecting HCMV-specific antibody in a clinical sample, which comprises contacting the sample with 
a synthetic polypeptide capable of raising HCMV-neutralising antibodies in humans and which incorporates one 
or more antigenic determinants from the HCMV glycoprotein gH, as represented in Figure 5 hereof, for HCMV 
strain AD169 and detecting antibody that binds to said polypeptide. 

2$ 16. A kit for carrying out the method of claim 15, said kit comprising said polypeptide in a form suitable for contacting 
with the clinical sample, and means for detecting HCMV-specific antibody that binds to said polypeptide. 



Patentanspruche 

30 

Patentanspruche fur folgende Vertragsstaaten : BE, CH, DE, ES, FR, GR, IT, LI, LU, NL, SE 

1. Ein ProzeB, der die Expression eines Polypeptids aus einem rekombinanten DNA-Vektor in einem geeigneten 
35 Wirtsorganismus umfaBt, wobei dieses Polypeptid zur Erzeugung von HCMV-neutralisierenden Antikdrpem bei 

Menschen fahig ist und eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gB einschlieBt, 
wie in Abb. 3 dieses Dokuments fur den HMCV-Stamm AD169 dargestellt. 

2. ProzeB gemaB Anspruch 1 , in dem das Polypeptid in eine Vakzine gegen HCMV bei Menschen eingebaut wird. 

40 

3. Rekombinanter Virus-Vektor, der DNA enthalt, die fOr ein Polypeptid codiert, das zur Erzeugung von HCMV-neu- 
tralisierenden Antikorpern bei Menschen fahig ist und das eine oder mehrere Antigendeterminanten aus dem 
HCMV-Glycoprotein gB einschlieGt, wie in Abb. 3 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt, 
wobei dieser Vektor in der Lage ist, einen Menschen zu infizieren und das obengenannte Polypeptid in immuno- 

45 gener Form zu exprimieren. 

4. Vakzine gegen HCMV, die einen rekombinanten Vtrus-Vektor gemaB Anspruch 3 einschlieBt. 

5. Expressionsvektor, der DNA enthalt, die fur ein Polypeptid codiert, das zur Erzeugung von HCMV-neutralisierenden 
so Antikorpern bei Menschen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein 

gB einschlieBt, wie in Abb. 3 dieses Dokuments fOr den HCMV-Stamm AD169 dargestellt. 

6. ProzeB, der die Expression eines Polypeptids aus einem rekombinanten DNA-Vektor in einem geeigneten Wirts- 
organismus umfaBt, wobei dieses Polypeptid zur Erzeugung von HCMV-neutralisierenden Antikorpern bei Men- 

ss schen fahig ist und eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gH einschlieBt, wie in 

Abb. 5 dieses Dokuments fur den HMCV-Stamm AD169 dargestellt. 

7. ProzeB gemaB Anspruch 6, in dem das Polypeptid in eine vakzine gegen HCMV bei Menschen eingebaut wird. 
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8. Rekombinanter Virus-Vektor, der DNA enthalt, die fur ein Polypeptid codiert, das zur Erzeugung von HCMV-neu- 
tralisierenden Antikorpern bei Menschen fahig ist und das eine Oder mehrere Antigendeterminanten aus dem 
HCMV-Gtycoprotein gH einschlieBt, wie in Abb. 5 dieses Dokuments fOr den HCMV-Stamm AD169 dargestellt, 
wobei dieser Vektor in der Lage ist, einen Menschen zu infizieren und das obengenannte Polypeptid in immuno- 

5 gener Form zu exprimieren. 

9. Vakzine gegen HCMV, die einen rekombinanten Virus-Vektor gemaB Anspruch 8 einschlieBt. 

10. Expressionsvektor, der DNA enthalt, die fur ein Polypeptid codiert, das zur Erzeugung von HCMV-neutralisierenden 
10 Antikorpern bei Menschen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Gtycoprotein 

gH einschlieBt, wie in Abb. 5 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt. 

11. ProzeB, der die chemische Synthetisierung eines Polypeptids umfaBt, das zur Erzeugung von HCMV-neutralisie- 
renden Antikorpern bei Menschen fahig ist und eine oder mehrere Antigendeterminanten aus dem HCMV-Glyco- 

15 protein gH einschlieBt, wie in Abb. 5 dieses Dokuments fur den HMCV-Stamm AD1 69 dargestellt. 

12. Methode zur Herstellung von HCMV-monospezifischem Antiserum, die die Immunisierung eines Wirtstieres mit 
einem Polypeptid, das mittels eines Prozesses gemaB Anspruch 6 oder Anspruch 11 hergestellt wurde, oder mit 
einem rekombinanten Virus-Vektor gemaB Anspruch 8, sowie die Extraktion von spezifischem Antiserum f Or das 

20 Polypeptid aus dem Wirtstier umfaBt. 

13. Methode, die die Immunisierung eines Wirtstieres mit einem gemaB Anspruch 6 oder Anspruch 11 hergestellten 
Polypeptid oder mit einem rekombinanten Virus-Vektor gemaB Anspruch 8 sowie die Herstellung HCMV-spezifi- 
scher monoklonaler Antikorper aus Zeilen des so immunisierten Tieres umfaBt. 

25 

14. Methode zur Reinigung HCMV-spezifischer Antikorper, die beinhaltet, daB die Antikorper mit einem synthetischen 
Polypeptid in Kontakt gebracht werden, das zur Erzeugung von HCMV-neutralisierenden Antikorpern bei Men- 
schen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gH einschlieBt, 
wie in Abb. 5 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt, und daB gebundene Antikorper vom 

30 Polypeptid getrennt werden. 

15. Methode zum Nachweis HCMV-spezifischer Antikorper in einer klinischen Probe, die beinhaltet, daB die Probe 
mit einem synthetischen Polypeptid in Kontakt gebracht wird, das zur Erzeugung von HCMV-neutralisierenden 
Antikorpern bet Menschen fahig ist und das eine Oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein 

35 gH einschlieBt, wie in Abb. 5 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt, und daB Antikorper, die 

sich an das Polypeptid binden, nachgewiesen werden. 

15. Zusammenstellung zur Durchfuhrung der Methode gemaB Anspruch 15, die das synthetische Polypeptid in einer 
Form enthalt, die geeignet ist, urn es mit der klinischen PrQbe in Kontakt zu bringen, sowie M'rttel zum Nachweis 
40 HCMV-spezifischer Antikorper, die sich an das Polypeptid binden. 



Patentanspruche fur folgenden Vertragsstaat : AT 

45 1. Ein ProzeB, der die Expression eines Polypeptids aus einem rekombinanten DNA-Vektor in einem geeigneten 
Wirtsorganismus umfaBt, wobei dieses Polypeptid zur Erzeugung von HCMV-neutralisierenden Antikorpern bei 
Menschen fahig ist und eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gB einschlieBt, 
wie in Abb. 3 dieses Dokuments fOr den HMCV-Stamm AD169 dargestellt. 

so 2. ProzeB gemaB Anspruch 1 , in dem das Polypeptid in eine vakzine gegen HCMV bei Menschen eingebaut wird. 

3. ProzeB, der die Konstruktion eines rekombinanten Virus- Vektors umfaBt, der DNA enthalt, die fOr ein Polypeptid 
codiert, das zur Erzeugung von HCMV-neutralisierenden Antikorpern bei Menschen fahig ist und das eine oder 
mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gB einschlieBt, wie in Abb. 3 dieses Dokuments fur 

ss den HCMV-Stamm AD169 dargestellt, wobei dieser Vektor in der Lage ist, einen Menschen zu infizieren und das 

obengenannte Polypeptid in immunogener Form zu exprimieren. 

4. ProzeB, der die Herstellung einer vakzine gegen HCMV umfaBt, die einen rekombinanten Virus-Vektor einschlieBt, 
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der DNA enthalt, die fur ein Polypeptid codiert, das zur Erzeugung von HCMV-neutralisierenden Antikorpern bei 
Menschen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gB einschlieBt, 
wie in Abb. 3 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt, wobei dieser Vektor in der Lage ist, 
einen Menschen zu infizieren und das obengenannte Polypeptid in immunogener Form zu exprimieren. 

s 

5. Expressionsvektor, der DNA enthalt, die fur ein Polypeptid codiert, das zur Erzeugung von HCMV-neutralisierenden 
Antikorpern bei Menschen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein 
gB einschlieBt, wie in Abb. 3 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt. 

io 6. ProzeB, der die Expression eines Polypeptids aus einem rekombinanten DNA-Vektor in einem geeigneten Wirts- 
organismus umfaBt, wobei dieses Polypeptid zur Erzeugung von HCMV-neutralisierenden Antikorpern bei Men- 
schen fahig ist und eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gH einschlieBt, wie in 
Abb. 5 dieses Dokuments fur den HMCV-Stamm AD169 dargestellt. 

75 7. ProzeB gemaB Anspruch 6, in dem das Polypeptid in eine vakzine gegen HCMV bei Menschen eingebaut wird. 

8. ProzeB, der die Konstruktion eines rekombinanten Virus- Vektors umfaBt, der DNA enthalt, die fur ein Polypeptid 
codiert, das zur Erzeugung von HCMV-neutralisierenden Antikorpern bei Menschen fahig ist und das eine oder 
mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gH einschlieBt, wie in Abb. 5 dieses Dokuments fur 

20 den HCMV-Stamm AD169 dargestellt, wobei dieser Vektor in der Lage ist, einen Menschen zu infizieren und das 

obengenannte Polypeptid in immunogener Form zu exprimieren. 

9. ProzeB, der die Herstellung einer vakzine gegen HCMV umfaBt, die einen rekombinanten Virus-Vektor einschlieBt, 
der DNA enthalt, die fur ein Polypeptid codiert, das zur Erzeugung von HCMV-neutralisierenden Antikorpern bei 

2S Menschen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gH einschlieBt, 

wie in Abb. 5 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt, wobei dieser Vektor in der Lage ist, 
einen Menschen zu infizieren und das obengenannte Polypeptid in immunogener Form zu exprimieren. 

10. Expressionsvektor, der DNA enthalt, die f Or ein Polypeptid codiert, das zur Erzeugung von HCMV-neutralisierenden 
30 Antikorpern bei Menschen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein 

gH einschlieBt, wie in Abb. 5 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt. 

11. ProzeB, der die chemische Synthetisierung eines Polypeptids umfaBt, das zur Erzeugung von HCMV-neutralisie- 
renden Antikorpern bei Menschen fahig ist und eine oder mehrere Antigendeterminanten aus dem HCMV-Glyco- 

35 protein gH einschlieBt, wie in Abb. 5 dieses Dokuments fur den HMCV-Stamm AD1 69 dargestellt. 

12. Methode zur Herstellung von HCMV-monospezifischem Antiserum, die die Immunisierung eines Wirtstieres mit 
einem Polypeptid, das mittels eines Prozesses gemaB Anspruch 6 Oder Anspruch 11 hergestellt wurde, oder mit 
einem rekombinanten Virus-Vektor gemaB Anspruch 8, sowie die Extraktion von spezifischem Antiserum fur das 

40 Polypeptid aus dem Wirtstier umfaBt. 

13. Methode, die die Immunisierung eines Wirtstieres mit einem gemaB Anspruch 6 oder Anspruch 11 hergestellten 
Polypeptid oder mit einem rekombinanten Virus-Vektor gemaB Anspruch 8 sowie die Herstellung HCMV-spezifi- 
scher monoklonaler Antikorper aus Zelten des so immunisierten Tieres umfaBt 

45 

14. Methode zur Reinigung HCMV-spezifischer Antikorper, die beinhaltet, daB die Antikorper mit einem synthetischen 
Polypeptid in Kontakt gebracht werden, das zur Erzeugung von HCMV-neutralisierenden Antikorpern bei Men- 
schen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein gH einschlieBt, 
wie in Abb. 5 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt, und daB gebundene Antikorper vom 

so Polypeptid getrennt werden. 

15. Methode zum Nachweis HCMV-spezifischer Antikorper in einer klinischen Probe, die beinhaltet, daB die Probe 
mit einem synthetischen Polypeptid in Kontakt gebracht wird, das zur Erzeugung von HCMV-neutralisierenden 
Antikorpern bei Menschen fahig ist und das eine oder mehrere Antigendeterminanten aus dem HCMV-Glycoprotein 

55 gH einschlieBt, wie in Abb. 5 dieses Dokuments fur den HCMV-Stamm AD169 dargestellt, und daB Antikorper, die 

sich an das Polypeptid binden, nachgewiesen werden. 

16. Zusammenstellung zur Durchfuhrung der Methode gemaB Anspruch 15, die das obengenannte Polypeptid in einer 
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Form enthalt, die geeignet ist, um es mit der klinischen Probe in Kontakt zu bringen, sowie Mrttel zum Nachweis 
HCMV-spezifischer Antikdrper, die sich an das Polypeptid binden. 



5 Revendfcations 



Revendlcatlons pour les Etats contractants suivants : BE, CH, DE, ES, FR, GR, IT, LI, LU, NL, SE 

10 1. ProcSdS qui comprend I'expression a partir d'un vecteur d'ADN recombinant dans un organisme h6te approprie 
d'un polypeptide capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez I'etre humain, et qui englobe 
un ou plusieurs determinants antigSniques provenant de la glycoproteine gB de HCMV, comme represents en 
figure 3 du present document pour la souche AD169 de HCMV. 

1$ 2. ProcSdS selon !a revendication 1 , dans lequel ledit polypeptide est incorpore dans un vaccin contre HCMV chez 
I'etre humain. 

3. Vecteur de virus recombinant contenant de I'ADN encodant un polypeptide capable d'accroitre le nombre d'anti- 
corps neutralisant HCMV chez I'etre humain et qui englobe un ou plusieurs determinants antigeniques provenant 

20 de la glycoproteine gB de HCMV, comme represents en figure 3 du present document pour la souche AD 169 de 

HCMV, ledit vecteur Stant capable d'infecter un sujet humain et d'exprimer ledit polypeptide sous une forme im- 
munogene. 

4. Vaccin contre HCMV, englobant un vecteur de virus recombinant selon la revendication 3. 

25 

5. Vecteur d'expression contenant de I'ADN qui encode un polypeptide capable d'accroitre le nombre d'anticorps 
neutralisant HCMV chez I'etre humain et qui englobe un ou plusieurs determinants antigeniques provenant de la 
glycoproteine gB de HCMV, comme represents en figure 3 du present document pour la souche AD1 69 de HCMV. 

30 6. ProcSdS qui comprend I'expression a partir d'un vecteur d'ADN recombinant dans un organisme h6te approprie 
d'un polypeptide capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez I'etre humain, et qui englobe 
un ou plusieurs determinants antigeniques provenant de la glycoproteine gH de HCMV, comme represents en 
figure 5 du present document pour la souche AD169 de HCMV 

35 7. ProcSdS selon la revendication 6, dans lequel ledit polypeptide est incorporS dans un vaccin contre HCMV chez 
I'Stre humain. 

8. Vecteur de virus recombinant contenant de I'ADN encodant un polypeptide capable d'accroitre le nombre d'anti- 
corps neutralisant HCMV chez PStre humain et qui englobe un ou plusieurs determinants antigSniques provenant 
40 de la glycoproteine gH de HCMV, comme reprSsentS en figure 5 du prSsent document pour la souche AD169 de 

HCMV, ledit vecteur Stant capable d'infecter un sujet humain et d'exprimer ledit polypeptide sous une forme im- 
munogene, 

Vaccin contre HCMV, englobant un vecteur de virus recombinant selon la revendication 8. 

Vecteur d'expression contenant de I'ADN qui encode gn polypeptide capable d'accroTtre le nombre d'anticorps 
neutralisant HCMV chez PStre humain et qui englobe un ou plusieurs dSterminants antigSniques provenant de la 
glycoproteine gH de HCMV, comme represents en figure 5 du present document pour la souche AD1 69 de HCMV. 

ProcSdS qui comprend le fait de synthStiser par un moyen chimique un polypeptide capable d'accroTtre le nombre 
d'anticorps neutralisant HCMV chez I'Stre humain, et qui englobe un ou plusieurs dSterminants antigSniques pro- 
venant de la glycoproteine gH de HCMV, comme represents en figure 5 du prSsent document pour la souche 
AD169 de HCMV. 

55 12. ProcSdS de preparation d'un antisSrum monospScifique a HCMV, qui comprend le fait d'immuniser un animal hdte 
avec un polypeptide prSparS via un procSdS selon la revendication 6 ou 1 1 , ou avec un vecteur de virus recombinant 
selon la revendication 8, et le fait d'extraire de I'animal h6te un antisSrum spScifique audit polypeptide. 



45 



10. 



so 11. 
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13. Procede qui comprend le fait d'immuniser un animal hdte avec un polypeptide prepare via un precede selon ia 
revendication 6 ou 11 , ou avec un vecteur de virus recombinant selon la revendication 8, et le fait de preparer un 
anticorps monoclonal specifique a HCMV a partir de cellules de I'animal ainsi immunise. 

5 14. Precede de purification d'anticorps specifiques a HCMV, qui comprend le fait de mettre en contact des anticorps 
avec un polypeptide synth6tique capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez I'etre humain 
et qui englobe un ou plusieurs determinants antigeniques provenant de la glycoproteine gH de HCMV, comme 
represents en figure 5 du present document pour la souche AD169 de HCMV, et de s6parer I'anticorps lie dudit 
polypeptide. 

10 

15. Precede* de detection d'un anticorps specifique a HCMV dans un echantillon clinique, qui comprend le fait de 
mettre en contact I'echantillon avec un polypeptide synthStique capable d'accroTtre le nombre d'anticorps neutra- 
lisant HCMV chez l'6tre humain et qui englobe un ou plusieurs determinants antigeniques provenant de la glyco- 
proteine gH de HCMV, comme represente en figure 5 du present document pour la souche AD169 de HCMV, et 

1$ le fait de detecter I'anticorps qui se lie audit polypeptide. 

16. Necessaire pour la mise en oeuvre du precede selon la revendication 15, ledit necessaire comprenant le polypep- 
tide synthetique sous une forme appropriee pour la mise en contact avec I'echantillon clinique, ainsi qu'un moyen 
pour detecter I'anticorps specifique a HCMV qui se lie audit polypeptide. 

20 

Revendications pour I'Etat contractant suivant : AT 

1. Proc6d6 qui comprend "'expression a partir d'un vecteur d'ADN recombinant dans un organisme h6te approprie 
25 d'un polypeptide capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez I'etre humain, et qui englobe 

un ou plusieurs determinants antigeniques provenant de la glycoproteine gB de HCMV, comme repr6sente en 
figure 3 du present document pour la souche AD169 de HCMV. 

2. Precede selon la revendication 1 , dans lequel ledit polypeptide est incorpore dans un vaccin contre HCMV chez 
30 i'etre humain. 

3. Proced6 qui comprend le fait de construire un vecteur de virus recombinant contenant de I'ADN encodant un 
polypeptide capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez I'etre humain et qui englobe un ou 
plusieurs determinants antigeniques provenant de la glycoproteine gB de HCMV, comme represents en figure 3 

35 du present document pour la souche AD169 de HCMV, ledit vecteur etant capable d'infecter un sujet humain et 

d'exprimer ledit polypeptide sous une forme immunogene. 

4. Precede qui comprend le fait de produire un vaccin contre HCMV, englobant un vecteur de virus recombinant 
contenant de I'ADN encodant un polypeptide capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez 

40 I'etre humain et englobant un ou plusieurs determinants antigeniques provenant de la glycoproteine gB de HCMV 

representee en figure 3 du present document, ledit vecteur etant capable d'infecter un sujet humain et d'exprimer 
ledit polypeptide sous une forme immunogene. 

5. Vecteur d'expression contenant de I'ADN qui encode un polypeptide capable d'accroTtre le nombre d'anticorps 
45 neutralisant HCMV chez I'etre humain et qui englobe un ou plusieurs determinants antigeniques provenant de la 

glycoproteine gB de HCMV, comme represente en figure 3 du present document pour la souche AD169 de HCMV. 

6. Precede qui comprend I'expression a partir d'un vecteur d'ADN recombinant dans un organisme h6te approprie 
d'un polypeptide capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez I'etre humain, et qui englobe 

so un ou plusieurs determinants antigeniques provenant de la glycoproteine gH de HCMV, comme repr6sente en 

figure 5 du present document pour la souche AD1 69 de HCMV. 

7. Precede selon la revendication 6, dans lequel ledit polypeptide est incorpore dans un vaccin contre HCMV chez 
I'etre humain. 

55 

8. Precede qui comprend le fait de construire un vecteur de virus recombinant contenant de I'ADN encodant un 
polypeptide capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez I'etre humain et qui englobe un ou 
plusieurs determinants antigeniques provenant de la glycoproteine gH de HCMV, comme represente en figure 5 
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du present document pour ta souche AD169 de HCMV, ledit vecteur etant capable d'infecter un sujet humain et 
d'exprimer ledit polypeptide sous une forme immunogene. 

9. Proc6d6 qui comprend le fait de produire un vaccin contre HCMV, englobant un vecteur de virus recombinant 
5 contenant de I'ADN encodant un polypeptide capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez 

I'etre humain et englobant un ou plusieurs determinants antigeniques provenant de la glycoproteine gH de HCMV 
representee en figure 5 du present document, ledit vecteur 6tant capable d'infecter un sujet humain et d'exprimer 
ledit polypeptide sous une forme immunogene. 

10 10. Vecteur d'expression contenant de I'ADN qui encode un polypeptide capable d'accroTtre le nombre d'anticorps 
neutralisant HCMV chez I'etre humain et qui englobe un ou plusieurs determinants antigeniques provenant de la 
glycoproteine gH de HCMV, comme represents en figure 5 du present document pour la souche AD169 de HCMV 

11. Precede qui comprend le fart de synthesiser par un moyen chimique un polypeptide capable d'accroTtre le nombre 
is d'anticorps neutralisant HCMV chez I'etre humain, et qui englobe un ou plusieurs determinants antigeniques pro- 
venant de la glycoproteine gH de HCMV, comme represente en figure 5 du present document pour la souche 
AD 169 de HCMV. 

12. Proc6de de preparation d'un antiserum monospecifique & HCMV, qui comprend le fait d'immuniser un animal hdte 
20 avec un polypeptide prepare via un precede selon la revendication 6 ou 1 1 , ou avec un vecteur de virus recombinant 

selon la revendication 8, et le fait d'extraire de I'animal h6te un antiserum specifique audit polypeptide. 

13. - Proc6de qui comprend le fait d'immuniser un animal note avec un polypeptide prepare via un procede selon la 

revendication 6 ou 11, ou avec un vecteur de virus recombinant selon la revendication 8, et le fait de preparer un 
2S anticorps monoclonal specifique & HCMV & partir de cellules de I'animal ainsi immunise. 

14. Precede de purification d'anticorps specifiques & HCMV, qui comprend le fait de mettre en contact des anticorps 
avec un polypeptide synthetique capable d'accroTtre le nombre d'anticorps neutralisant HCMV chez I'etre humain 
et qui englobe un ou plusieurs determinants antigeniques provenant de la glycoproteine gH de HCMV, comme 

30 represents en figure 5 du present document pour la souche AD169 de HCMV, et le fait de s6parer I'anticorps Ii6 

dudit polypeptide. 

15. Precede de detection d'un anticorps specifique k HCMV dans un echantillon clinique, qui comprend le fait de 
mettre en contact rechantillon avec un polypeptide synthetique capable d'accroTtre le nombre d'anticorps neutra- 
ls lisant HCMV chez I'etre humain et qui englobe un ou plusieurs determinants antigeniques provenant de la glyco- 
proteine gH de HCMV, comme repr6sente en figure 5 du present document pour la souche AD169 de HCMV, et 
le fait de detecter I'anticorps qui se lie audit polypeptide. 

16. NScessaire pour la mise en oeuvre du procede selon la revendication 15, ledit necessaire comprenant ledit poly- 
40 peptide synthetique sous une forme appropriee pour la mise en contact avec rechantillon clinique, ainsi qu'un 

moyen pour detecter un anticorps specifique h HCMV qui se lie audit polypeptide. 
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Fig.5(a) 



I CGCAGAGCGTTCCCCGTCGAATCAGCGTCGTCCCCACGCCCGGACGGCATGGCTTACCCG 

61 CGTGTCCCCTCTTCTTCCTTCGCAGCGGCCAATGACATCGTATTAAATAGACAGAGACGC 

1 2 1 GACTTTTGTAACCCGTAGCGCCACAQCCGGGTGCCCCTTCCTGGGATCCTTTCTCTCCTT 

Smol 

18 1 CTCTCGGGTGTAACGCCAACCACCACCTGGATCACGCCGCTGAACCCAGCGGCGCAGCCG 



M R 



PGLPPYLTVFTVY 



24 1 CGCTATGCGG ZCCGGCCTCCCCCCCTACCTCACTGTCTTCACCGTCTACCTCCTCAGT CA 



LP SQRYGADAASEALDPHAF 
3d CCTACCTTCGCAACGATATGGCGCGGACGCCGCATCCGAAGCGCTGGACCCTCACGCATT 



HLLLNTYGRPIRFLRENTTQ 
36 1 TCACCTACTACTCAACACCTACGGG AGACCCATCCGCTTCCTGCGTGAAAACACCACCCA 



CTYNSSLRNSTVVRENAI SF 
421 GTGCACCTACAACAGCAGCCTCCGTAACAGCACGGTCGTCAGGGAAAACGCCATCAGTTT 

N F F Q SYN QY YVFHMP RC LFA 
4 8 1 CAACTTTTTCCAAAGCTATAATCAATACTATGTATTCCATATGCCTCGATGTCTTTTTGC 

GPLAEQFLNQVDLTETLERY 
541 GGGTCCTCTGGCGGAGCAGTTTCTGAACCAGGTAGATCTGACCGAAACCCTAGAAAGATA 

QQRLNTYALVSKDLA5 YRSF 
60 1 CCAACAGAGACTTAACACCTACGCATTGGTATCCAAAGACCTGGCCAGCTACCGATCTTT 

SQQLKAQDSLGQQPTTVPPP 
661 TTCGCAGCAGCTGAAGGCACAAGACAGCCTGGGTCAGCAGCCCACCACCGTGCCACCGCC 

IDLSIPHVWMPPQTTPHDWK 
721 CATTGATCTGTCAATACCTCACGTTTGGATGCCACCCCAAACCACTCCACACGACTGGAA 



GSHTTSGLHRPHFNQTC I L F 
78 1 GGGATCGCACACCACCTCGGGACTACATCGGCCACACTTTAACCAGACCTGTATCCTCTT 

DGHDLLFSTVTPCLHQGFYL 
841 TGATGGACACGATCTGCTTTTCAGCACCGTTACGCCCTGTCTGCACCAGGGCTTTTACCT 

MDELRYVKITLTEDFFVVTV 
90! CATGGACGAACTACGTTACGTTAAAATCACACTGACCGAGGACTTCTTCGTAGTTACGGT 

SIDDDTPMLLIFGHLPRVLF 

96 1 atctatagacgacgacacacccatgctgcttatcttcggtcatcttccacgcgtactctt: 
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Fig. 5(b) 



KAPYQRDNFILRQTEKHELL 
1021 CAAAGCGCCCTATCAACGCGACAACTTTATACTACGACAAACTGAAAAACACGAGCTCCT 

VLVKKAQLNRHSYLKDSDFL 
1081 GGTACTAGTTAAGAAAGCTCAACTAAACCGTCACTCCTATCTCAAAGACTCGGACTTTCT 

DAALDFNYLDLSALLRN SFH 
1 141 CGACGCCGCACTCGACTTCAACTACCTGGACCTCAGCGCACTGTTACGTAACAGCTTTCA 

RYAVDVLKSGRCQMLDRRTV 
1201 CCGTTACGCTGTAGACGTACTCAAAAGCGGTCGATGTCAAATGTTGGACCGCCGCACGGT 

BMAFAYALALFAAARQEEAG 
1 261 AGAAATGGCCTTCGCCTACGCATTAGCACTGTTCGCGGCAGCCCGACAAGAAGAGGCCGG 

TEI SI PRALDRQAALLQ IQB 
1321 CACCGAAATCTCCATCCCACGAGCCCTAGACCGCCAGGCCGCACTCTTACAAATACAAGA 

FMITCLSQTPPRTTLLLYPT 
I38| ATTTATGATCACCTGCCTCTCACAAACACCACCACGCACCACATTGCTGCTATATCCCAC 

AVDLAKRALWTPDQITDITS 
1441 AGCCGTGGACCTGGCCAAACGAGCCCTCTGGACGCCGGACCAGATCACCGACATCACCAG 

LVRLVYILSKQNQQHLIPQW 
1501 CCTCGTACGCCTGGTCTACATACTTTCTAAACAGAATCAGCAACATCTCATTCCCCAGTG 

ALRQIADFALQLHKTHLASF 
1561 GGCACTACGACAGATCGCCGACTTTGCCCTACAATTACACAAAACGCACCTGGCCTCTTT 

LSAFARQELYLMGSLVHSML 
J62I TCTTTCAGCCTTCGCGCGCCAAGAACTCTACCTCATGGGCAGCCTCGTCCACTCCATGTT 

VHTTERREIFIVE^TGLCSLA 
168! GGTACATACGACGGAGAGACGCGAAATCTTCATCGTAGAAACGGGCCTCTGTTCATTGGC 

ELSHF TQLLAHPHHEYLSDL 
1741 CGAGCTATCACACTTTACGCAGTTGCTAGCTCATCCGCACCACGAATACCTCAGCGACCT 

YTPCSS SGRRDHSLERLTRL 
1801 GTACACACCCTGTTCCAGTAGCGGGCGACGCGATCACTCGCTCGAACGCCTCACGCGTCT 

FPDATVPATVPAALSILSTM 
1861 CTTCCCCGATGCCACCGTTCCTGCTACCGTTCCCGCCGCCCTCTCCATCCTATCTACCAT 

QPSTLETFPDLFCLPLGESF 
[92 1 GCAACCAAGCACGCTGGAAACCTTCCCCGACCTGTTTTGTCTGCCGCTCGGCGAATCCTT 
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Fig.S(c) 

SALTVSEHVSYVVTNQYLIK 
1 9 6 1 CTCCGCGCTAACCGTCTCCGAACACGTCAGTTATGTCGTAACAAACCAGTACCTGATCAA 

GXSXFVSTTVYGQSLXXTQT 
204 1 AGGTATCTCCTACCCTGTCTCCACCACCGTCGTAGGCCAGAGCCTCATCATCACCCAAAC 

DSQTKCELTRNMHTTHSITA 
2 10I GGACAGT CAAACTAAATGCGAAC TAACGCGCAACATGCACACCACACACAGCATC ACAGC 

A L N I S LENCAFCQSALLEYD 
2 1 61 GGCGCTCAACATTTCACTAGAAAACTGCGCCTTTTGCCAAAGCGCCCTGCTAGAATACGA 

DTQGVINIMYMHDSDDVLFA 
222 1 CGACACGCAAGGCGTCATCAACATCATGTACATGCACGACTCGGACGACGTCCTTTTCGC 

LDPYNEVVVSSPRTHYLMLL 
2281 CCTGGATCCCTACAACGAAGTGGTGGTCTCATCTCCGCGAACTCACTACCTCATGCTTTT 

K N~ G T VLEVTDVVVDATDS R IT 
234 1 GAAAAACGGTACGGTCCTAGAAGTAACTGACGTCGTCGTGGACGCCACCGACAGTCGlgT 

L M M S V Y A L S A I I G I Y L L yTr M 
2401 CCTCATGATGTCCGTCTACGCGCTATCGGGCATCATCGGCATCTATCTGCTCTACp GCAT 

L K T C 

2461 GCTCAAGACATGCTGACTGTAGAACCTGACAGTTTATGAGAAAAGGGACAGAAAAGTTAA 

2 52 1 AGACATTCACACAAAATCTTCTAAAACGGTACGGGCCCCAATACTTAGGGGCACTCTTGC 

2581 TCGTTGTAATAAAGTACACGCCACACGGTGTGATGGTACTATATGCGTGAGGTCTGTGCG 

2641 TCTTTATTTACGAGGTACTGTTATGGGTCTGGTTAC^TATCGGGCCCTGGATACMSCIX 

Hind III 



29 



